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I'wo patients with complete heart block complicating
extensive anterior myocardial infarction underwent late
I >40 hours) coronary reperfusion with angioplasty. One
to one atrioventricular conduction was restored within
minutes of reperfusion despite a lack of measurable
Complete heart block complicates the course of approxi-
mately 5% of patients with anterior myocardial infarction
(1-3). Heart block is preceded by intraventricular conduc-
tion disturbances in up to 75% of patients (I) and is almost
alway, infranodal in origin (4-6), Of those patients who
develop bifascicular block as a result of infarction, 20 to
40% will progress to complete heart block, depending on
the type, timing and duration of the preceding conduction
disturhance (1,5,7-11). Complete heart block is associated
with extensive infarction of the septum and the development
of progressive cardiac failure. These latter factors largely
determine the high in-hospital and late mortality rates of
such patients despite successful therapy with ventricular
pacing (1,3,7,9-11),
Chronic infranodal complete heart block from a variety
of causes has been associated with extensive fibrosis and
destruction of the proximal bundle branches (12,13). Early
histopathologic studies (14-16) suggested that complete heart
block appearing during the course of acute anterior myo-
cardial infarction was similarly caused by extensive necrosis
of the proximal portions of both bundles contiguous with
extensive septal infarction. However, this view is incon-
sistent with the clinical observation that many patients who
die during hospitalization and the vast majority who survive
to discharge recover I: I atrioventricular (AV) conduction
(17-21). Recent observations in human (22) and experi-
From the Division of Cardiology. Department of Internal Medicine.
University of Michigan Medical Center, Ann Arbor, Michigan. Manuscript
receive' April 16, 1984; revised manuscript received June 18, 1984. ac-
cepted July 2, 1984.
Add~<.:ss for reprints: Bertram Pitt. MD. Cardiology Division. Univer-
sity ofl\ltchigan Medical Center, University Hospitals, 1405 E. Ann Street,
Ann Ar-ior. Michigan 48109.
© 1984 t \ the American College of Cardiology
ventricular muscle salvage as demonstrated by ventric-
ulography I week later. The evidence favors reversible
ischemia rather than extensive necrosis of the proximal
conduction system as the mechanism of heart block in
this subgroup of patients.
mental canine infarction (23-25) suggest that extensive, but
ultimately reversible, ischemia of the infranodal specialized
conduction tissue is the underlying substrate for the ap-
pearance and regression of complete heart block during the
course of anterior myocardial infarction.
During an ongoing investigation of therapeutic coronary
reperfusion for acute myocardial infarction, two patients
with extensive anterior infarction who developed complete
heart block were studied. Their clinical course provides




Presentation. The patient is a 35 year old white man
smoker who was asymptomatic until January 16, 1984, when
he awoke from sleep at 2 AM with severe retrosternal chest
pain. The pain persisted until he presented to a local hospital
at 9 AM. An electrocardiogram revealed complete right bun-
dle branch block and right axis deviation with Q waves and
ST elevation in leads V I through V6, I and aVL. An elec-
trocardiogram recorded 3 years previously was reported as
normal. The initial clinical examination revealed bibasilar
rales and an audible third heart sound. The patient was
admitted to the intensive care unit at that hospital and treated
with analgesics, intravenous nitroglycerin and lidocaine (for
suppression of nonsustained ventricular tachycardia). The
peak serum creatine kinase was 5,520 Il.l/liter. At 2:50 PM
the next day, complete heart block with asystole developed
and was unresponsive to atropine. Insertion of a trans venous
pacemaker allowed successful resuscitation. With ventric-
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ular pacing at a rate of 80 beats/min, the systolic pressure
fell to 90 mm Hg.
Initial catheterization. The patient was transferred to
the University of Michigan Hospitals where he was taken
immediately to the cardiac catheterization laboratory. Ex-
amination revealed bibasilar rales, an audible third heart
sound and complete dependence on ventricular pacing, with
no escape complexes detected on electrocardiogram. Before
catheterization, an intraaortic balloon pump was inserted
and intravenous nitroglycerin was continued. Angiography
revealed total occlusion of the proximal left anterior de-
scending artery, minimal disease of the other vessels and
minimal filling of the septal perforators from a dominant
circumflex artery (Fig. I). The left ventricular end-diastolic
pressure was 18 mm Hg. Ventriculography demonstrated
septal and anterolateral akinesia, apical dyskinesia and hy-
perkinesia of the diaphragmatic and posterobasal segments.
Figure 1. Patient I. Initial (A) and postangioplasty (B) coronary
arteriograms. The white arrowhead indicates the site of previous
occlusion in the left anteriordescending artery.
The global ejection fraction was 22%. After guide wire
recanalization of the occluded vessel, there were several
minutes of sinus tachycardia with I: I AV conduction. Dur-
ing coronary angioplasty, complete heart block returned.
Within 3 minutes after the last dilation, there was a brief
episode of wide complex tachycardia, followed by the spon-
taneous return of sinus rhythm with right bundle branch
configuration. The systolic blood pressure increased to 120
mm Hg. The cardiac index was 2.4 liters/min per rrr'. The
time to reperfusion from initial onset of pain was 42 hours.
Follow-up. The subsequent hospital course was uncom-
plicated without recurrence of heart block. Clinical evidence
of heart failure resolved over the next several days and the
balloon pump was removed on January 20. On January 27,
a permanent pacemaker was implanted and on the same day
the patient underwent follow-up catheterization. The coro-
nary anatomy was unchanged; a residual 40% proximal an-
terior descending stenosis persisted. The ventriculogram
demonstrated septal and anterolateral akinesia, apical dys-
kinesia and normal motion of the other segments. The
global ejection fraction was 15%.
One month after infarction, the patient was hospitalized
for the evaluation of nonsustained ventricular tachycardia
which occurred during a period of monitored exercise. Right
bundle branch block and normal AV conduction were pres-
ent on the electrocardiogram. During hospital monitoring,
he had an episode of sustained ventricular tachycardia with
syncope from which he was successfully resuscitated. He
subsequently underwent programmed ventricular stimula-
tion and had a mildly prolonged HV interval of 60 ms.
Symptomatic ventricular tachycardia was easily induced both
at baseline study and after a total of 2 g of intravenous
procainamide. Long-term therapy with amiodarone has been
initiated.
Patient 2
Presentation. The patient is a 41 year old white man
who was well until the onset of severe retrostemal chest
pain at 5:30 PM on December 15, 1982. An electrocardio-
gram taken at a local hospital revealed Q waves in leads V I
through V4 with 3 to 4 mm ST segment elevation (Fig. 2A).
He was admitted to the intensive care unit at that hospital
and shortly thereafter had two episodes of ventricular fi-
brillation, each promptly terminated by cardioversion. Dur-
ing the following day, his clinical course was marked by
the appearance of bibasilar rales, an audible third heart
sound and intermittent right bundle branch block. Lidocaine
and intravenous nitroglycerin were administered. The peak
serum creatine kinase was 4,572 IU/liter. At 7 AM on De-
cember 17, complete left bundle branch block was noted
for the first time (Fig. 2B). At 2 PM, an episode of complete
heart block with no escape rhythm was recorded; this re-
portedly resolved after the administration of I mg of atropine
and before the subsequent placement of a temporary trans-
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Lead III
venous pacemaker. An intraaortic balloon pump was in-
serted and the systolic blood pressure was maintained at
greater than 100 mm Hg without pharmacologic support.
Just before transfer to our hospital (approximately 6 PM),
, , .,....."
Lead V5
Figure 2, Patient 2. Serial electrocardiographic changes after
myocardial infarction. A, The initial electrocardiogram demon-
strates extensive anterior infarction. B, Complete left bundle branch
block appears on the second day after infarction.
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the patient developed complete heart block unresponsive to
atropine. Despite successful ventricular pacing at a rate of
80 beats/min. he became severely hypotensive and required
large amounts of dopamine to maintain a systolic pressure
of 90 mm Hg .
Initial catheterization. On arrival at the University of
Michigan Hospitals, examination revealed complete ven-
tricular pacing at a rate of 80 beats/min, bibasilar rales , an
audible third heart sound and a systolic blood pressure of
86 mm Hg on dopamine infusion. Without pacing, there
were only occasional escape complexes of a left bundle
branch block configuration. He was taken to the cardiac
catheterization laboratory . Arteriography revealed a totally
occluded proximal left anterior descending artery, no other
arterial lesions and no visible collateral vessels (Fig. 3).
The left ventricular end-diastolic pressure was 20 mm Hg
and the cardiac index was 2.3 liters/min per rrr'. Ventric-
ulography was not performed. Subselective intracoronary
Figure 3. Patient 2. Initial (A) and postangioplasty (B) coronary
arteriograms . The white arrowhead indicates the site of previous
occlusion in the left anterior descending artery .
infusion of 250,000 U of streptokinase into the proximal
left anterior descending artery failed to achieve reperfu sion .
After mechanical recanalization of the artery with a sub-
selecti ve catheter, the patient underwent angioplasty. There
was a residual 50% stenosis. Reperfusion occurred 57 hours
after the onset of pain . The patient remained pacemaker-
dependent throughout the procedure , but within 5 minutes
of the last balloon dilation, sinus tachycardia with a QRS
complex of 0.11 ms duration appeared . A subsequent 12
lead electrocardiogram confirmed I: I AV conduction and
left anterior fascicular block (Fig. 4A) . The infusion of
dopamine was rapidly tapered and thereafter the patient
maintained a systolic blood pressure greater than 100 mm
Hg without pharmacologic support. A radionuclide ventric-
ulogram obtained several hours after coronary angioplasty
demonstrated apical and septal akinesia, severe anterolateral
hypokinesia and a global ejection fraction of 25%.
Follow-up. Clinical evidence of congestive heart failure
resolved over the next few days and the aortic balloon pump
was removed on December 20. Left anterior fascicular block
was no longer evident on the electrocardiogram (Fig. 48).
Heparin and lidocaine were discontinued and therapy with
coumadin was begun. Two days later, a permanent pace-
maker was implanted. On January 3, the patient became
lightheaded while talking in his room. He was found to be
in ventricular tachycardia which was terminated by a total
of 175 mg of intravenous lidocaine. Two days later he
underwent electrophysiologic testing. The HV interval was
75 ms. Sustained ventricular tachycardia was easily induced
during baseline study, but not after 1.6 g of intravenous
procainamide. An oral regimen of pronestyl (Procan SR) ,
1.25 g every 6 hours , was initiated. Repeat cardiac cathe-
terization the next day demonstrated total occlusion of the
proximal anterior descending artery at the site of the original
occlusion, but with collateral filling of the distal vessel from
the posterior descending artery. The ventriculogram again
revealed septal and apical akinesia, severe anterolateral
dyskinesia, and an overall ejection fraction of 20%. At no
time during hospitalization did bundle branch block or com-
plete heart block recur. The patient was discharged on Jan-
uary 14, 1983 and subsequently returned to work . He re-
mains asymptomatic and in sinus rhythm at I year of follow-
up.
Discussion
General comments. Despite prolonged delay to coro-
nary reperfusion (>40 hours) and the presence of complete
heart block for several hours, there was a striking and im-
mediate association between reperfusion and the recovery
Figure 4. Patient 2. Serial electrocardiographic changes after
coronary angioplasty. A; Immediately after angioplasty and res-
olution of complete heart block, left anterior fascicular block re-
mains. B, Three days after angioplasty, left anterior fascicular
block is no longer present.
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of 1:1 AV conduction in both patients with extensive anterior
myocardial infarction. In the first patient, temporary reoc-
c1usionof the vessel during balloon inflations was associated
with transient return of complete heart block which resolved
permanently after completion of angioplasty. Although the
infarct-related vessel was occluded at the time of restudy in
the second patient, complete heart block did not recur. It
may be of importance, however, that there was significant
collateral filling of the occluded vessel at this time. Despite
the immediate resolution of complete heart block after re-
perfusion, neither patient had evidence of significant ven-
tricular muscle salvage as demonstrated by the lack of im-
provement in global ejection fraction and regional wall motion
on late follow-up study. In addition, both patients had evi-
dence of persistent abnormalities in infranodal conduction
as manifested by a prolonged HV interval in the first patient
and persistent right bundle branch block in the second.
Not surprisingly, the development of intraventricular
conduction defects and ultimately complete heart block was
associated with the onset of clinical manifestations of heart
failure. There was clearly an abrupt deterioration in hemo-
dynamic status associated with the onset of heart block in
both patients. This was probably caused by the loss of com-
pensatory tachycardia and a significant atrial contribution
to ventricular filling with the onset of ventricular pacing.
The hemodynamic improvement shortly after reperfusion in
both patients most likely occurred because of the recovery
of normal AV conduction. It is possible, however, that
similar improvement might have followed sequential AV
pacing without reperfusion (26,27).
Recent evidence suggests improved long-term survival
for patients with anterior myocardial infarction and transient
complete heart block treated with permanent ventricular pac-
ing (21); presumably mortality from late recurrence of heart
block is prevented. For this reason both patients were per-
manently paced. Of equal importance, both had sponta-
neous, life-threatening ventricular arrhythmias during their
convalescence. This complication has been observed fre-
quently during the early weeks after infarction in such pa-
tients and is a major cause of late mortality (19,28). The
influence of late reperfusion on these complications is
unknown.
It is important to note that neither patient had evidence
of previous myocardial damage; both had isolated proximal
left anterior descending occlusion without significant col-
lateral circulation on the initial study. Thus, the onset of
heart block with ischemic injury and its relation to reper-
fusion could be examined without the confounding effects
of prior injury to the conduction system or preexisting col-
lateral flow.
Potential mechanisms of heart block. The prolonged
survival of the specialized conduction tissue and its partial
functional recovery after late coronary reperfusion, despite
lack of ventricular muscle salvage, seems paradoxical. A
series of observations (23-25) in experimental permanent
coronary occlusion in dogs provides an explanation. At 24
hours, transmembrane potentials could rarely be recorded
from subendocardial muscle cells; histologic examination
revealed evidence of irreversible ischemia and necrosis.
However, there was extensive functional survival of several
layers of subendocardial Purkinje fibers. These fibers were
both electrophysiologically (reduced upstroke velocity and
prolonged duration of action potential) and ultrastructurally
(intracellular lipid accumulation) abnormal. These early ab-
normalities returned toward normal over the next several
weeks, though recovery was frequently incomplete. By this
time, adjacent ventricular muscle fibers were replaced by
granulation tissue and collagen.
The reasons for survival of the specialized conduction
tissue are uncertain, Purkinje fibers have lower oxygen con-
sumption (29,30) than ventricular muscle and are relatively
resistant to hypoxia (31). Diffusion of oxygen and nutrients
from the ventricular cavity may sustain cellular metabolism
at levels sufficient to prevent death but not functional im-
pairment. Subsequent recovery depends on return of flow.
This may occur spontaneously through the development of
collateral vessels. Dangman et al. (32) demonstrated that
the reversal of subendocardial Purkinje fiber electrophysi-
ologic abnormalities several days after experimentally in-
duced canine infarction was related to spontaneous increases
in capillary flow,
Current evidence suggests a similar sequence of events
in human patients. Becker et al. (22) found that interstitial
edema and cellular swelling with only scattered necrosis
were widespread in the proximal bundle branches of patients
dying with complete heart block and anterior infarction, In
all cases, the heart block had been present for several days
before death. Similar findings were obtained in patients with
new onset of bundle branch block in the appropriate bundle,
but not in patients with extensive infarction and no intra-
ventricular conduction disturbance. Surviving endocardial
layers ofPurkinje fibers have been identified in human tissue
removed during aneurysmectomy months to years after in-
farction (33,34),
Implications. The onset of complete heart block in pa-
tients with extensive anterior myocardial infarction is as-
sociated with ischemia, but not necrosis, of the proximal
infranodal conduction tissue. The frequently observed res-
olution of heart block in patients who survive a sufficient
length of time may relate to restoration of perfusion by
spontaneous recanalization (35,36) or development of col-
lateral vessels (37,38). Whether late therapeutic coronary
reperfusion, soon after the appearance of heart block, will
alter the long-term prognosis of these patients remains to
be determined. However, the results of intervention in these
two patients should prompt further investigation.
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